Future concepts of operations foresee the control of systems on board an Unmanned Aerial Vehicle (UAV) from geographically separated locations. This imposes challenges on the processes used to coordinate the actions that are required for successful mission execution between the crew members. This paper discusses the development of a dialogue capability that aims to provide the payload operator and the pilot flying a means of interaction through their networked control stations that supports a level of coordination equivalent to that of co-located operators. The concept for this capability is explained and illustrated using an example case of retasking the UAV to a new mission area.
I. Introduction
Unmanned Aerial Vehicles (UAVs) are typically controlled from ground stations which incorporate functionality to control the air vehicle as well as the payload. This implies that the pilot flying and the payload operator are at the same geographical location. Because of this co-location, crew members can coordinate their efforts by directly talking to each other and pointing out elements of interest on a screen of the UAV Control Station (UCS) or map. The data presented by the various displays provides them with a common frame of reference and makes it possible to share information. The interaction between the operators is not likely to remain restricted to the exchange of the minimum required data, but will typically include the rationale and possible constraints. These additional aspects contribute to shared Situation Awareness (SA).
Given that specialized personnel may be needed to operate certain types of payload, the ability to control the various systems of a UAV from geographically different locations can be advantageous. However, when the payload operator and the pilot flying are not co-located, the direct, intuitive way of communication is no longer possible, negatively influencing shared SA and operational efficiency. Furthermore, it is no longer guaranteed that both crew members have the same information available, which also has a negative effect on shared SA and operational efficiency. To maintain the same level of operational efficiency, the lack of direct interaction, the absence of a common frame of reference and the potential lack of shared information need to be compensated for.
The common frame of reference and potential lack of shared information can be restored by using network connectivity to ensure data replication on all networked control stations. To compensate for the lack of direct interaction, the coordination process between the crew members needs to be analyzed. To be able to determine how to coordinate the tasks of the pilot flying and the payload operator when geographically separated, the current relation between the various (control) tasks needs to be established. This relation can serve as the basis for the identification of the required communication, support functions and shared SA support.
An essential element in realizing coordinated control from geographically separated locations is the connection between the two control stations. However, the sole existence of a connection itself does not automatically ensure coordination. It is the interaction concept that is enabled by the network connection that needs to provide the functions required for coordinated control. A useful rating scale for the interaction concept in this context is the five level Network Enabled Capabilities (NEC) scale 1 .
With today's UCSs, there is often no or only very limited network connectivity, and many of today's UCSs have no integrated functions to benefit from such connectivity. A basis for the required connectivity may be provided by NATO's Standardisation Agreement (STANAG) 4586 2 , which has been developed to achieve interoperability between different UAV platforms and UAV control stations. In STANAG 4586, a distinction is made between five different levels of interoperability. These levels already include the possibility to separate having control over the payload and over the vehicle itself. An important question is to what extent STANAG 4586 can be used to support well-coordinated geographically distributed control.
This paper discusses the development of a dialogue capability that aims to provide the payload operator and the pilot flying a means of interaction through their networked control stations that supports a level of coordination equivalent to that of co-located operators. Before the concept for this capability will be discussed in more detail, the following three subsections provide more background on the control tasks, the NEC levels and the potential of STANAG 4586.
A. UAV Control
Since the reason for the UAV to execute a mission is to use its payload above the mission area, the tasks of the crew that are required to control the UAV can be divided into two parts: navigating the air vehicle and operating the payload. Navigating the air vehicle implies assuring that the UAV follows its planned route safely to bring the payload to the mission area. Operating the payload such that the required results are delivered, is a task that requires specific knowledge about the payload characteristics.
Before the mission is executed, the planning process takes place. This planning process consists of two parts: the payload planning process and the navigation planning process. The payload planning process typically consists of translating the specific mission objectives and the available information on the target to a trajectory that must be flown for optimal payload employment. In the navigation planning process, the payload trajectories are integrated, which leads to the navigation plan. This navigation plan serves as the basis for the trajectory that the UAV will fly. In this coordination, the payload planning process is leading. Therefore, the coordinated process is referred to as 'payload driven trajectory planning'.
B. Network Enabled Capabilities
In the process of transitioning to a network-centric environment, several levels of network enabled capabilities (NEC) can be achieved. Those levels are shown in Table 1 .
For crew members to achieve coordinated control of payload and air vehicle from different locations, it was explained that they need to share information and to have a common picture of the situation and that their lack of direct interaction needs to be compensated for. Having these requirements in mind, Table 1 shows that at least NEC level 3 needs to be achieved to realize coordinated control of payload and air vehicle from different locations. NEC level 4 is regarded as equivalent to optimal cooperation of a co-located crew. The step to NEC level 4 will depend on the concept of interaction between the crew members, rather than technological steps. Level 5 becomes relevant when analyzing missions with multiple assets that are connected to the network.
C. STANAG 4586 and Interoperability
Often, UAVs are used for reconnaissance missions, which makes them the predominant collection systems across virtually every echelon of command. As a consequence, the need to coordinate, share and integrate the UAV into the larger warfighting community is becoming painfully apparent 3 . To overcome the current limitations of interoperability between UAV systems and the wider user community and to promote interoperability of present and For a mission to be executed, not only the unmanned aircraft itself is needed. The UAV is regarded part of an Unmanned Aircraft System, that consists of an air component and a ground component. The air component comprises the UAV and its payload, whereas the ground component comprises the UCS and the Launch & Recovery Element. As mentioned earlier, the information that is gathered during a mission is used by multiple users. Those users may receive the information in different formats. This is described in the Levels of Interoperability as defined in STANAG 4586, shown below in Table 2 .
The table shows that having control of the air vehicle and having control of the payload are fully separated; having control of payload does not imply having control of the air vehicle and vice versa. Thus, a UCS being able to control the vehicle as well as the payload has level 3 and level 4 control. When an air vehicle has different payloads on board, level 2 and level 3 control may be assigned to different UCSs. This separation of control is in line with the observation in Ref. 3 that the UAV can in most cases be regarded the "truck" for the payload.
II. Concept and design
To provide the payload operator and the pilot flying with a dialogue capability that supports a level of coordination equivalent to that of co-located operators, two options are available. One option is to restore the ability to have a high-bandwidth interaction between the payload operator and the pilot flying. In that case, the interaction process does not need to be changed. The other option is to revisit the process of payload driven trajectory planning with the goal of achieving a sufficient decoupling between the two processes.
The ultimate solution to the first option is to use "Star-Trek holodeck technology" to put a virtual payload operator in the seat next to the pilot flying and vice-versa. The basis for the second option is the notion that the payload planning and the navigation planning processes can be structured in such a way, that the required interaction between the two processes is at a level that can be achieved in a coordinated process with much lower bandwidth. To obtain sufficient decoupling between the two processes, the concept requires that the payload operator has the ability to specify the required airspace volume which is needed for optimal employment of the payload. The pilot flying then needs to assess whether this volume of airspace does not intersect with any volumes that can cause a conflict and that the entry and exit position and time to the volume can be met. To achieve this, the payload operator is provided with support tools to do the translation from the target location, local mission objectives and payload properties into requirements in terms of location, time, path and orientation. These requirements then constitute the required airspace volume. The payload operator also needs to specify the margins on the requirements he makes. An example of a support tool is a function that computes ranges and orientations relative to the target as a function of the type of payload to be used. Another example is the generation of a certain type of trajectory from a set of user inputs.
The position and time requirements originating in the payload domain form the basis for the navigation plan. In the ideal situation, the navigation plan can be generated by connecting the set of payload trajectories. When this is not the case, it must be addressed whether constructing a navigation plan to meet the set of payload trajectories is feasible within the specified margins and vehicle, environmental and mission specific constraints * . When these * The navigation plan needs to ensure that the vehicle remains within a pre-determined distance from terrain, obstacles, threats, other traffic, restricted airspace Control and monitoring of the UAV (Level 4), plus launch and recovery functions margins and constraints are specified very tightly, a small disturbance can already require a re-planning of the payload trajectories and the navigation plan. It is at this level that shared SA † between the pilot flying and the payload operator is needed. When the crew members have a lack of shared SA, establishing a navigation plan that meets the payload requirements will become a lengthy, iterative trial-and-error like process. In case the pilot flying has an adequate understanding of the margins and potential trade-offs in the payload trajectories, the process of creating a navigation plan will require fewer iterations.
In the introduction it was already pointed out that additional elements in the dialogue such as background on the rationale and possible constraints contribute to shared SA. However, there is no definition of all the information elements that together constitute what is referred to as shared SA. One option to get a better insight into the required information is through observation of current operations. A potential alternative is through simulation of operations with a geographically distributed operator setup. In the latter approach, insight into shared SA information requirements must be obtained from an analysis of the situations where either the pilot flying or the payload operator indicates that with additional information the task could be performed better. If possible, both approaches should be used, but given the lack of sufficient access to current UAV operations, the second option is pursued. Hence, the approach is to perform the design based on an analysis of the processes and the information flow, implement a prototype, apply an iterative evaluation-refinement cycle to identify information requirements for shared SA and use the results for the improvement of the design.
A. Processes and information flow
The most challenging situation for the concept is one in which during a mission new information from Command & Control (C2) requires the payload operator to quickly come up with a new/revised payload plan that must be coordinated with the pilot flying. In Fig. 1 , an overview is provided of the processes, the information flow and the moments at which coordination is needed to translate such a request from C2 into a new navigation plan.
When C2 sends new information on a target to the pilot flying as well as the payload operator, based on which a new payload plan must be developed, the pilot flying has to make a preliminary assessment whether it is feasible to integrate this new target information into the existing navigation plan. C2 and the payload operator are notified when the pilot flying judges that the integration of the new target information is not feasible. When his judgment is that this can be realized, the payload operator starts his part of the process and C2 is notified. The payload operator interprets the new target information to extract the target properties that are relevant for the payload planning process. Based on these target properties and the data requirements that are stated by C2, the payload operator establishes the target-payload relation, which leads to choosing the desired sensor pattern. Based on this pattern and the properties of the chosen type of payload, the payload trajectory is established. At this stage, the payload operator has made the translation from the payload to the trajectory domain. The payload trajectory is sent through the network to the pilot flying, who assesses this request. It is the task of the pilot flying to assess whether the navigation requirements, imposed by the payload trajectory, can be integrated in the planned UAV route without violating the navigation constraints.
Figure 1. The interaction between pilot flying and payload operator
In terms of information content, such a request can be quite similar to a route instruction from Air Traffic Control. A main difference is the fact that in case the trajectory request cannot be met, the pilot flying is expected to adapt the payload trajectory such that it meets the objectives of the requested trajectory as good as possible and stays within the specified margins. To support this, the pilot flying is also provided with information on the target area and available margins. This additional information contributes to the shared SA needed for efficient coordination.
When the result of the assessment is that the (possibly adapted) payload trajectory can be integrated into the existing navigation plan, the pilot flying performs this integration and sends the updated route to the payload operator to inform him on the new UAV route. This also allows the payload operator to check whether the updated route satisfies his requirements. When a request cannot be realized within the margins that are specified by the payload operator, the pilot flying sends additional constraints to the payload operator, who then needs to establish a new payload trajectory.
III. Example
The following paragraphs will discuss the processes, identified in Fig. 1 , in more detail, using the example case of retasking the UAV to a new mission area. The discussion comprises screenshots from our research operator stations, made during a demonstration of the concept. The research operator stations and demonstration will be discussed in section IV.
A. Interpret new target information
As the UAV is following its route to a mission area, new target information may become available. This may comprise extra and/or changed information on a target which is already part of the mission; it is also possible that a new target is added to the mission. In this example, an order to survey an area is received through the network from C2. This order is presented to both pilot flying and payload operator as a 'target area' in orange and a 'maneuver area' defined by a grey box with a yellow border. The target area defines the region that must be surveyed; the maneuver area defines the area that the pilot flying can use to adapt the UAV route. Based on this new target information, the pilot flying has to assess whether integrating this information into the current mission can be realized. The result of this assessment determines whether the payload operator starts his part of the process. C2 is also notified of the pilot flying's judgment. Figure 2 shows an example of how the target and maneuver area can be communicated to the payload operator and pilot flying.
B. Establish target -payload relation
The type of target that is to be surveyed (e.g., stationary or moving) and the sort of information (e.g., in terms of resolution) that is required from the survey determine what payload should be used for this part of the mission. Depending on the type of payload that will be used, one or more options exist for a pattern that the UAV must fly for optimal use of the payload. The generic pattern can be adapted to mission-specific needs.
C. Establish payload trajectory using Payload properties & constraints
Based on the target-payload relation and payload properties & constraints, the payload operator chooses a pattern from the menu on the right side of the screen and places it on the area to be surveyed. The type of payload that is chosen imposes requirements on for example range to the target, speed and altitude. In the example case, a sweep pattern is chosen to survey the area. The entry and exit points of the pattern can be placed to the payload operator's needs. When the payload operator has positioned the sensor pattern according to his needs, a request to realize this trajectory is sent to the pilot flying. Figure 3 shows the target area with the pattern placed over it. 
D. Assess request for payload trajectory using Navigation constraints
The pilot flying receives the request for the payload trajectory. He needs to derive the navigation requirements that are imposed by this request. It is the task of the pilot flying to assess whether the navigation requirements, imposed by the payload trajectory, can be integrated in the planned UAV route without violating the navigation constraints. These constraints may range from the area of air vehicle performance and endurance to separation with traffic, terrain, obstacles and mission specific factors like threats and restricted airspaces. When this is not possible within the margins specified, the pilot flying can specify additional constraints and send these back to the payload operator, such that he can establish a new payload trajectory within these constraints. To perform this assessment, the pilot flying has the payload trajectory information available as shown in Fig. 3 .
Especially at this stage, it is important that payload operator and pilot flying have a common picture of the situation and that the pilot flying understands the goal the payload operator needs to achieve, such that a coordinated process results.
E. Integrate trajectory
When the result of the assessment is that the imposed navigation requirements can be integrated into the current UAV route, the pilot flying changes the route such that this is realized, possibly with changes to the payload trajectory within the specified margins to realize a better navigation plan.
F. Assess updated route
When the pilot flying has established a new route, the defining waypoints are sent to the control station of the payload operator to inform him on the new route. Figure 4 below shows how this can be shown to the payload operator. This information allows the payload operator to check whether the updated route satisfies his requirements. As shown in Fig. 4 , the search pattern as positioned by the payload operator has been integrated into the UAV route by the pilot flying, allowing the payload operator to collect the required imagery of the target area.
In summary, the example outlined above shows how the process of retasking the UAV to a new target area has been divided into a number of local actions, that do not require interaction between crew members to be completed. Upon completion of an action in the process, interaction takes place, after which the next action is done locally again.
IV. Implementation, testing and demonstration
To test the concept, two existing research operator stations have been extended with functionality to support the payload operator and enable the communication between the two stations. One of the research operator stations (shown in Fig. 5 ) is located at the Royal Netherlands Naval College (RNLNC) in Den Helder. The mission management software used in the research operator stations already had the capability to connect to other systems 4 . Only minor enhancements were needed to establish the basic dialogue capability needed to exchange routes and areas. Although the communication between the two stations did not use the STANAG 4586 protocol, the message content used was quite similar. An analysis of the current version of STANAG 4586 indicates that with minor additions to the message set, the basic functionality to support geographically separated, payload driven navigation can be achieved 5 . Initial tests were performed in April 2006. Those tests were mainly focused on the technical implementation of the concept, rather than evaluation. During those tests, an interesting observation was that in case only the datalink for cooperative control is present, and no voice connection, the feedback on the status of requests becomes very important. When operators are co-located, their dialogue includes timing information (e.g. on when to expect a particular result). Especially when a certain task takes some time, e.g. the re-planning of a route, timing information becomes important for the operator awaiting the results. When no voice connection is available, this information must be provided through the network connection. Such process-related timing information is not included in the current datalink message set, but it is regarded an important addition.
The tests demonstrated the feasibility of the concept, but also showed the need for further evaluations to be able to better identify the additional information needed to support the dialogue. To get a better insight into shared SA information requirements, more scenarios will need to be developed. The results of further evaluations will be used in iterative refinement cycles, aiming at improving the concept and thus making the step from NEC level 3 to achieving NEC level 4. The resulting insights into shared SA information requirements will also be used in the development of a rating method to compare the concept with a co-located operation.
The concept as outlined above was successfully demonstrated at the UAV thematic day of the Netherlands Defence Academy in May, 2006 with the payload operator located at the RNLNC in Den Helder and the pilot flying in Delft. The demonstration used the example case of retasking the UAV to a new mission area and was situated in the environment of Kabul, Afghanistan to create a plausible UAV reconnaissance environment. 
V. Summary and conclusions
In this paper the concept, development and testing of a dialogue capability to achieve coordinated payloaddriven navigation for a UAV from geographically separated locations has been discussed. The main goal was to provide the payload operator and the pilot flying a means of interaction through their networked control stations that supports a level of coordination equivalent to that of co-located operators. The approach was based on the notion that the payload planning and the navigation processes can be structured in such a way, that the required interaction between the two processes is at a level that can be achieved in a coordinated process with much lower bandwidth than is used when the operators are co-located.
Assuming that the network is capable of timely delivering the required data, the effectiveness with which the distributed management of the functions is possible depends on the concept used to interact with the information. An essential component is the support system for the payload operator that allows him to translate the desired targetpayload relation into the navigation domain. To support shared SA, not only the request itself but also information on the context (i.e. target area and margins) is communicated.
It was anticipated that the analysis of the coordination process between the crew members would not lead to a complete set of information requirements. Therefore, the basic concept has been implemented and tested, which provided a better insight in information that is needed to realize coordinated payload-driven navigation. An important example is the process-related timing information.
An analysis of the current version of NATO STANAG 4586 indicates that with minor additions to the message set, the basic functionality to support geographically separated, payload driven navigation can be achieved. By enhancing the concept with more advanced functionality and more support to realize better shared SA, it is expected that NEC level 4 can be achieved. This will require more additions to the STANAG 4586 message set.
Future work will address a further refinement of the payload operator support functions, with a particular focus on the adaptability of the pre-defined patterns. Also, the dialogue capability will be extended with a text message screen and a voice protocol. A metric will need to be developed to be able to compare the concept with a co-located setup.
